The Hispanic population of the United States is projected to double by 2060; by that time, Hispanics will represent nearly one-third of the US population (1) . This historical demographic shift underscores the increasingly vital role that Hispanic health plays in shaping the health profile of the United States. Hence, understanding the fundamental determinants of Hispanic health is crucial. One such determinant is residential segregation, which has been implicated as a key contributor to black-white health disparities. Yet, even in the context of rising levels of Hispanic residential isolation, relatively few studies have investigated how metropolitan segregation affects Hispanic health (2) .
Our understanding of the segregation-health relationship comes overwhelmingly from studies that examined black-white segregation and its impacts on black Americans (3) (4) (5) (6) (7) (8) (9) . Driven by institutional racism, black residential segregation has created social and physical environments in which hazards, risks, and the availability of goods and services are differentially distributed across neighborhoods (10) (11) (12) . As a consequence, blacks disproportionately live in areas of concentrated poverty-the primary mechanism through which segregation is hypothesized to affect outcomes (13) . Because Hispanics are also disproportionately exposed to neighborhood disadvantage, Hispanic segregation may have detrimental health consequences for Hispanics as well (14, 15) . However, it is also hypothesized that a high concentration of Hispanic immigrants within neighborhoods may confer health benefits due to salutary aspects of immigrant culture (e.g., ethnic cohesion) (16) (17) (18) . Hence, it is unclear whether, under certain conditions, segregation can be benign or even protective of Hispanic health.
Results from extant studies of Hispanic segregation and health, which overwhelmingly utilize neighborhood-level group concentration measures (e.g., percent Hispanic) as crude proxies for segregation, have been mixed (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) (30) . A majority of studies have documented salutary associations for a wide range of health outcomes, including dietary habits, self-rated health, cancer, and mortality (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) . A smaller number of studies have documented harmful associations for body weight, obesity, and mental health (28) (29) (30) . Another line of analysis which uses local (neighborhood) measures of segregation has generally found deleterious associations between Hispanic segregation and health outcomes (31) (32) (33) (34) (35) (36) (37) . However, inferences from these evaluations are limited because 1) measures of group concentration do not capture the extent to which groups are separated from each otherthe principal characteristic of segregation-and 2) studies of local segregation have been restricted to either 1 city or limited multicity samples.
Metropolitan-level segregation, which more readily captures the sorting feature of segregation by assessing the distribution of groups across neighborhoods within a metropolitan area, has been utilized in more recent studies (38) (39) (40) (41) (42) (43) . Almost exclusively, these studies have investigated body weight among adults and birth weight and prematurity among infants (39) (40) (41) (42) . They have largely documented deleterious associations, with some qualifications for foreign-born Hispanics (40) . To our knowledge, only 2 studies have assessed the association between metropolitan-level Hispanic segregation and self-rated health, the outcome analyzed in this study. Both studies documented detrimental links (38, 43) . However, neither study accounted for important heterogeneity in the Hispanic population, including language, length of time in the United States, and ethnic subgroup by nativity-all of which have been found to be important predictors of health (44, 45) . Further, most studies of metropolitan segregation do not account for the variation in neighborhood context within a metropolitan area. This is particularly salient for neighborhood poverty, which is conceptualized as one of the primary pathways through which metropolitan-level racial/ethnic segregation affects health (10) .
We had 2 objectives in this study. First, we used a nationally representative sample of Hispanics to examine the link between Hispanic metropolitan segregation and self-rated health. Because previous studies have found differences in the association between segregation and health by Hispanic origin and nativity, we accounted for Hispanic heterogeneity by both ethnic subgroup and nativity (38, 40) . We hypothesized that the impact of segregation on health would differ by nativity, such that the association for US-born Hispanics would be more consistent with associations found for other US-born minority groups, like black Americans (i.e., detrimental as a function of social exclusion), and that the association for foreign-born Hispanics would be more consistent with the ethnic enclave framework (i.e., salutary as a function of immigrant cohesion). Second, we investigated whether neighborhood poverty lay along the pathway between Hispanic segregation and self-rated health. We hypothesized that the association between metropolitan segregation and health would be substantially attenuated, consistent with a mediation framework, after the inclusion of neighborhood poverty in our models.
METHODS

Data
We used individual-level data for the years 2006-2013 from the Integrated Health Interview Series (a version of the National Health Interview Survey data which harmonizes variables across years) that were merged with US Census tract and metropolitanlevel variables (46) . The National Health Interview Survey is an annual cross-sectional survey that collects a broad range of health, demographic, and socioeconomic information from a nationally representative sample of the civilian noninstitutionalized population of the United States. We restricted our analyses to US-born and foreign-born Hispanic individuals aged 18 years or more residing in US Census-defined Metropolitan Statistical Areas (MSAs) with at least 5,000 Hispanics and a total population of more than 100,000 (n ≈ 100,000). Crosswise deletion of observations with missing values resulted in an analytical sample size of approximately 32,000 US-born Hispanics and 43,000 foreignborn Hispanics residing in 2,994 census tracts and 239 MSAs. There was a median of 9 census tracts per MSA, with a median of 17 participants per tract.
Health outcome
Our outcome of interest was respondent-rated health, measured on a 5-point scale: poor, fair, good, very good, and excellent. The measure was dichotomized into poor/fair health (henceforth called poor health), assigned a value of 1, and good/ very good/excellent health (the reference category), assigned a value of 0. Tapping into both the physical and mental dimensions of health, respondent-rated health has been found to be a strong predictor of current morbidity as well as future mortality and morbidity (50) (51) (52) (53) .
Measures of Hispanic segregation
Because it is unknown whether different dimensions of segregation are differently linked to Hispanic health, we investigated 3 dimensions of segregation: evenness, exposure, and clustering (54, 55) .
Evenness, which reflects the distribution of groups across neighborhoods, is measured by the dissimilarity index. The index ranges from 0 (no segregation) to 1.0 (highest level of segregation) and indicates the percentage of Hispanics who would need to move to a different neighborhood in order for there to be an even distribution of Hispanics across neighborhoods within a MSA. Exposure, which captures the level of potential contact (or noncontact) between one group and another, is measured by the isolation index. It ranges from 0 to 1.0, with higher levels reflecting greater segregation. In this study, the isolation index reflects the extent to which Hispanics are residentially isolated from whites and may tap into aspects of ethnic cohesion as well as exposure to neighborhood amenities that are associated with neighborhoods with more white residents.
Clustering, which represents the overrepresentation of Hispanics in contiguous neighborhoods, is measured by an index of spatial proximity. The clustering of minority neighborhoods may increase the likelihood of native cultural retention. To the extent that Hispanics tend to live in poorer neighborhoods, clustering may also represent a decreased property tax base in contiguous neighborhoods, resulting in restricted access to opportunity and increasing the distances required to gain access to resources and amenities that are more prevalent in middle-class and affluent neighborhoods. This index ranges from approximately 0 to 1.0, after subtracting 1.
Neighborhood poverty
Our neighborhood-level exposure of interest was neighborhood poverty, defined as the proportion of residents below the federal poverty level in a census tract. Neighborhood poverty was categorized into 3 levels: low (<10% poor; referent), medium (10%-19% poor), and high (≥20% poor).
Covariates
Individual-level covariates included sex (binary), age (years; continuous), marital status (married, never married, or other), employment status (employed, unemployed, or not in the labor force), family income:poverty ratio (<1, 1-1.9, 2-2.9, 3-4.9, or ≥5), educational level (no high school, high school, associate's degree, or bachelor's degree or more), number of children (0, 1, 2, or ≥3), and language of interview (English, Spanish, or both). For US-born Hispanics, we additionally included an indicator for birth in a US territory and Hispanic origin (Mexico, Puerto Rico, or other). For foreign-born Hispanics, we also included an indicator for US citizenship, duration of residence in the United States (<5, 5-9, 10-14, or ≥15 years), and Hispanic origin (Mexico, Central/South America, or other).
Metropolitan-level adjustments included total population (natural-logged), percent Hispanic, and percent poor. We further controlled for region of the country (Northeast, North Central/ Midwest, South, or West).
Statistical analysis
We fitted a series of logistic regression models, stratifying all analyses by nativity. For each nativity group, we first estimated the crude association between Hispanic segregation and poor health, adjusting only for the individual-level factors age and sex (which are not influenced by segregation levels), survey year (to account for period effects), and MSA characteristics (model 1). For US-born Hispanics, the base model also adjusted for birth in a US territory. For foreign-born Hispanics, the base model included duration of residence in the United States. Next, to investigate whether neighborhood disadvantage mediated the relationship between segregation and health, we added neighborhood poverty (model 2). Lastly, we adjusted for individual characteristics: education, family income:poverty ratio, marital status, employment status, number of children, and language of interview (model 3). For foreign-born Hispanics, we also added US citizenship. The last set of individual-level attributes could be influenced by segregation and/or neighborhood poverty; hence, they could have been mediators as well as confounders. Recognizing that Hispanics are a heterogeneous group, we additionally fitted models that further stratified participants by Hispanic origin.
The regression models were fitted for each metropolitan segregation measure separately. All models accounted for the complex design of the National Health Interview Survey using the SURVEYLOGISTIC procedure in SAS (SAS Institute, Inc., Cary, North Carolina), with robust standard errors. (Table 1) indicated that approximately 13%-14% of foreign-born and US-born Hispanics reported poor health. Foreign-born Hispanics lived in slightly more segregated MSAs than US-born Hispanics. Similarly, a slightly larger proportion of foreign-born Hispanics resided in high-poverty neighborhoods compared with US-born Hispanics. The majority of Hispanics were of Mexican origin, while approximately one-quarter of US-born Hispanics were Puerto Rican and the same proportion of foreign-born Hispanics were of Central/South American ancestry. An overwhelming proportion of US-born Hispanics had the survey conducted entirely in English (85%), while a majority of foreign-born Hispanics elected to have the survey conducted entirely or partly in Spanish (58%). Most foreign-born Hispanics had resided in the United States for over 15 years. Compared with US-born Hispanics, foreign-born Hispanics were disproportionately poor and more frequently had not graduated from high school, were married, and had 3 or more children.
RESULTS
Bivariate descriptive analyses
Segregation
Results from models that examined the base relationship between segregation and health revealed a consistent detrimental association between segregation and poor health across all 3 segregation measures for US-born Hispanics (Table 2) . Tenpercentage-point increases in the dissimilarity, isolation, and spatial proximity indices were associated with 7%-11% increases in the odds of reporting poor health (model 1). Adjustment for neighborhood poverty attenuated the associations for the dissimilarity and spatial proximity indices such that they were no longer significant. However, the association for the isolation index remained, indicating an 8% increase in the odds of poor health (model 2). Fully adjusted models indicated significant detrimental relationships for the dissimilarity and isolation indices but not for the spatial proximity index.
The associations between segregation and poor health were null to salutary for foreign-born Hispanics. While the base models indicated no association for any of the segregation measures (model 1), controlling for neighborhood poverty revealed 8% lower odds of reporting poor health for each 10-percentagepoint increase in the isolation index. Further adjustment for individual characteristics strengthened the beneficial connection for the isolation index (odds ratio (OR) = 0.88, 95% confidence interval (CI): 0.81, 0.95), as well as the spatial proximity index (OR = 0.93, 95% CI: 0.89, 0.98). No relationship was found for the dissimilarity index.
The last set of results reflected the fully adjusted models that stratified by Hispanic origin as well as nativity, allowing the relationship between segregation and poor health to differ by Hispanic ethnic subgroup (Table 3) . These results revealed striking differences across Hispanic origin and nativity groups. Among US-born Hispanics, the dissimilarity and isolation indices were associated with 12% and 14% increases, respectively, in the odds of poor health for Mexicans. For Puerto Ricans, detrimental links were found along the exposure and clustering dimensions (OR = 1.14 (95% CI: 1.02, 1.27) and OR = 1.18 (95% CI: 1.06, 1.30), respectively). The spatial proximity index indicated a favorable association for US-born Hispanics of "other" origin. With respect to foreign-born Hispanics, a beneficial health association ranging from a 14% decrease in the odds of reporting poor health to a 17% decrease was found across all 3 segregation dimensions for those of Central/South America origin. For foreign-born Mexicans, a 10-percentage-point increase in the isolation index was associated with 12% lower odds of poor health. The dissimilarity and spatial proximity indices were not associated with poor health for Mexicans. No association between segregation and poor health was found for foreignborn Hispanics of "other" origin.
Neighborhood poverty
With respect to neighborhood context, both medium-and high-poverty environments were consistently associated with higher odds of reporting poor health for US-and foreign-born Hispanics in a gradient fashion (see Table 2 ). Without controlling for individual characteristics, residing in a high-poverty environment as compared with a low-poverty environment was associated with a 1.57-to 2.23-fold increase in the odds of reporting poor health (model 2). After individual attributes were accounted for (model 3), the associations were reduced but still indicated 12%-35% increased odds of reporting poor health.
With the inclusion of neighborhood poverty, the significant segregation estimates in the base models for US-born Hispanics were reduced by approximately 2-3 percentage points, which is equivalent to approximately 27%-33% reductions in the associations between segregation and poor health. Sobel-type mediation tests indicated that the associations between segregation and poor health were statistically significantly mediated by neighborhood poverty for US-born Hispanics when segregation was measured by the dissimilarity and isolation indices but not when segregation was measured by the spatial proximity index.
DISCUSSION
Findings
In this study, we examined the association between multiple dimensions of Hispanic metropolitan segregation and poor health for Hispanics. Acknowledging substantial heterogeneity within the pan-ethnic Hispanic category, we allowed these associations to vary across different Hispanic subgroups. We also investigated whether neighborhood poverty lay in the pathway between segregation and health.
Results revealed that the relationship between segregation and health among Hispanics is not uniform but rather diverges, depending on US nativity and Hispanic origin. The general pattern of results suggested that segregation may be detrimental to the health of US-born Hispanics and null to salutatory for Abbreviations: GED, General Educational Development; SD, standard deviation. a T tests or χ 2 tests indicated that all characteristics except Hispanic origin, US citizenship, and being born in a US territory were statistically different between US-born Hispanics and foreign-born Hispanics at P < 0.05.
b Percentages may not sum to 100 because of rounding. c Neighborhood poverty was defined as the proportion of residents below the federal poverty level in a census tract and was categorized into 3 levels: low (<10% poor; referent), medium (10%-19% poor), and high (≥20% poor).
foreign-born Hispanics. However, estimates were not always significant, and the 95% confidence intervals of some significant estimates had bounds that were very close to the null.
Our results affirm those of Nelson (38) and Anderson and Fullerton (43) , which documented detrimental links between metropolitan segregation and respondent-rated health for Hispanics in general and, in the case of Nelson (38) , for Mexicans in particular. In other ways, however, our findings differ. Whereas Nelson (38) failed to detect differences by nativity, we documented statistically significant differences. Similar to Osypuk et al.'s (40) analysis of birth weight, we found that Hispanic segregation was null to beneficial for foreign-born Hispanics and deleterious for US-born Mexicans and Puerto Ricans.
The divergent results for foreign-born and US-born Hispanics point to the wide range of experiences within the diverse Hispanic population. Evidence of a health benefit of segregation for foreign-born Hispanics supports the "immigrant enclave" hypothesis, which posits that segregated neighborhoods can provide protective health benefits for newcomers to the United States. Possible mechanisms include greater access to social support, collective efficacy, and protection against discrimination (56-58). The pattern of increasing magnitude in the health benefit when adjusting for neighborhood poverty and individual factors implies that a failure to account for these factors may actually mask some of the salutary effects segregation confers on the foreign-born component of the Hispanic population.
The harmful association between metropolitan segregation and health for US-born Hispanics, on the other hand, is consistent with the stratification framework, which contends that the fundamental causes of health disparities are rooted in the creation and reinforcement of economic and social stratification (10, 59, 60) . US-born Hispanics may be more susceptible to the deleterious consequences of segregation and/or be less able to draw from the Hispanic immigrant community's health-promoting characteristics that temper such effects, such as having a better diet and a stronger social network (61) (62) (63) . The adverse link between segregation and health for US-born Hispanics is comparable to findings for black Americans, suggesting that this type of segregation reflects and reinforces physical and social exclusion (6). Hence, socioeconomic status and structural factors, such as residential segregation, come into play in determining Hispanic health for the US-born in a way that does not occur among the foreign-born (40) . Our analyses also found evidence of statistically significant, though moderately substantive, mediation by neighborhood poverty. However, the overall patterning of results in the full-adjustment models also suggests that segregation may operate through alternative pathways, beyond neighborhood poverty and individual characteristics. The significant segregation findings, net of neighborhood poverty, are consistent with results from another study, which examined the relationship between metropolitan-level Hispanic isolation and obesity in a nationally representative sample of MexicanAmerican adults (64) . More studies, particularly those using longitudinal data to formally apply mediation analyses, will be necessary to thoroughly assess the mediation hypothesis.
Strengths and limitations
To our knowledge, this study was the first to examine multiple dimensions of metropolitan Hispanic segregation and their relationship with self-rated health using a large nationally representative sample of US-and foreign-born Hispanics. We considered many individual-level factors that were not accounted for in past studies of Hispanic metropolitan segregation and health, and we assessed the hypothesized mediating role of neighborhood poverty.
Accounting for heterogeneity within the Hispanic population revealed variation in the relationship between segregation and poor health by both nativity and ethnic subgroup. Unfortunately, we did not have information on legal status, an increasingly significant factor in Mexican residential segregation patterns and one that influences access to health care and other social and economic services, to further distinguish Hispanic immigrant subgroups (65) .
Another limitation of our study was the cross-sectional nature of the data. This precluded us from accounting for duration of exposure to either segregation or neighborhood poverty. In addition, we could not formally examine the temporality of individual characteristics such as income and education in its relation to segregation and neighborhood poverty exposure. We also were unable to account for whether Hispanic emigrants are selectively healthier than their nonemigrant counterparts. However, this should not have affected the findings of a salutary segregationhealth relationship, since our analyses examined the link strictly within the foreign-born population and made no comparison of absolute health levels across nativity groups. Lastly, while our study documented that the associations between Hispanic segregation and health differed by subgroup ethnicity and nativity, the general Hispanic segregation measures we employed probably reflected a composite of different processes for different Hispanic subgroups (e.g., immigrants and natives). Group-specific patterns may vary in ways that differ from the patterns observed when utilizing broader pan-ethnic measures of segregation. Assessing group-specific segregation measures (e.g., US-born Hispanic isolation) alongside the broader pan-ethnic ones documented in this paper may provide more nuanced insights into whether group-specific measures are differentially relevant for the health of particular groups of Hispanics.
Conclusion
Our findings demonstrate that metropolitan-level segregation can be salutary as well as detrimental to health. The differences in results among Hispanics underscore the importance of recognizing the heterogeneity within the Hispanic population, in terms of both nativity and country/region of origin. Previous work that did not account for different Hispanic subgroups may have masked possible variations in the association between segregation and health.
Results suggest that segregation affects the health of USborn and foreign-born Hispanics differently. We found that Abbreviations: CI, confidence interval; MSA, Metropolitan Statistical Area; OR, odds ratio. a Results were adjusted for age, sex, MSA % Hispanic, MSA population, MSA % poor, region, year, neighborhood poverty, family income:poverty ratio, education, marital status, employment status, number of children, and percentage of female-headed households. For US-born Hispanics, adjustments additionally included birth in US territory. For foreign-born Hispanics, adjustments additionally included duration of residence in the United States, interview language, and US citizenship.
b ORs for the dissimilarity, isolation, and spatial proximity indices represent a hypothetical 10-percentage-point change. c T tests indicated that segregation estimates for the dissimilarity and isolation indices between US-born and foreign-born Mexican groups were statistically different at P < 0.05. d P < 0.01. e P < 0.05.
neighborhood poverty mediates part, but not all, of this relationship. However, we could not determine why the protective aspects of segregation afforded to Hispanic immigrants are not transferred to US-born Hispanics. The finding that metropolitan segregation influences health, net of neighborhood poverty and individual characteristics, points to macro-level determinants that transcend different types of neighborhoods and socioeconomic levels. Given that the residential patterns of Hispanics are increasingly dispersed yet persistently concentrated regionally, a better understanding of metropolitan-level settlement patterns and trends in the distribution of Hispanic populations, particularly regarding differences across US-and foreign-born Hispanics, may provide further insights into how the broader context of place contributes to the health and well-being of Hispanic immigrants and their descendants (66) (67) (68) (69) . Unpacking how residential segregation shapes Hispanic health becomes even more critical when one considers that the majority of future growth in the Hispanic population will be driven by the US-born segment, precisely those Americans we have identified as likely to experience negative health consequences from segregation (70) .
Our results suggest that US-born Mexicans and Puerto Ricans, 2 groups that make up the majority of the US Hispanic population, are particularly vulnerable to the damaging effects of residential segregation. Hence, attention should be directed toward ascertaining why residential segregation is particularly deleterious for these groups.
